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Abstract of corresponding document: EP0269225 

Thin film electrical structures, such as threshold 
switching devices and phase change memory 
cells, preferably utilizing electrically stable, 
relatively inert, conductive electrodes including a 
non-single-crystal deposited film of carbon 
material, are disclosed. The film of carbon 
material, which preferably is amorphous and 
substantially pure, is disposed adjacent to a layer 
of active material such as an amorphous 
semiconductor, and serves to prevent undesired 
degradation of the active material, especially 
when the device is carrying appreciable current in 
its on-state. A method of making such structures 
with high quality interfaces between the 
semiconductor layer and the conductive carbon 
barrier layers adjacent thereto by successively 
depositing such layers in a continuously 
maintained partial vacuum is disclosed. The 
method may include a step performed in the 
vacuum for hermetically sealing all of, or at least 
the electrically switchable portion of, the active 
layer against subsequent contamination. Thin film 
structures suitable for threshold switching or 
memory applciations and employing insulating 
pores having substantially sloped side walls are 
also disclosed. 
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*> t> 55r X 5 rc-r-i 'ii»36»i> A . tnrcxo-rffl 
6tse-r<»ifSrc* rtMr^ c.tt>*-css. /si o 6 
IS 4 c aofli A«c , uSiSfei 0 ? ^ ^ '^^m<o^ 
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uox 9 «aso hi) Eatcx <kO&^;t&n«. 

c<o L *fit^^m\a,i&tikB \ 0 2ocan8BWo/g 

i£/g 3 8 OSUVfC jfft^^U, Cn»llK4BI9iC 

cox d^kfitffOjCtt'frott&ogtigowatt. M 
« S HI ^ A « o £ « « A « i£ »c ^ t «E 

^ C t TSSoHflM < U» »tt'»tt 

%<OK:-fA:*:$ 486t^t4*tt-f 

/hW5nRffifi9]dSisa 10 8k: x t^ts^s^? c 

2 4 ^I^UiSai 0 8 ^rW-^'&n 
□ 8D**Cj^«iJ^ ti^JiSAJiO V - ^«CK*«»a 124 

36 . 1 06 , 40%«l«L-r« IK^Ai 3 4 . 

4 0 ^r£(£itf 3 8 ^(SiSStt'S-tt-A C ^ T « 2» • 

Al 0 6 *ttffl"r&«'6--C«ffltl 2 4 0^r3tt»?ffl 

•J^i y * -te-^>c4**cia-rA t bn-& . »4 

A 4 C ao«lift»± 3 t^O^XA 3 6 . 1 0 6. 

4 0 ±myr^t^^i>i^. jC^srcic u-cff 3 e «4?b5 
u-cjii 1 0 6 ^ nmm 3 4 «afi««t«'i^T « x 

A 3 6 UAIA'd'* M 1 0 6 ^Vkm^lK 

$<u-r2oo-500l < n:tt-t*tJfeA_bic-*-i 

mSAOa^ASB laoWffl^jft 1 4 6 Yi^fkf^ 
ttl47*0i;t.>&.«iftl46 * 

e«as=®3 2 ^fcflust-r * c i: j>i-c e , ^««« 

A3 4 tmfSk1$tnmz 6 ^]d'C,fi2£TS&«S^. 

A 4 0 li- X&'i^a«<EA 4 0 JiBSVS^ 
**X/T*' i , *-C©A 1 03550 X 3 rc-^j^ -y 

<t u-cttfiEKift-riOiia^ l.*^. «« i 4 eo 
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15 2 ^OMOft^:?i^oa« j» jit 1 4 9 ^6%:? 
i^oa* I 5 0 t xt3-c«fes^ ni. 

1 4 6 <E>cfi^fs«;d*e>ttn>tffi^»c i^ffloffiitt 

SS^l 5 3 r 1 5 4%^A/'C1^^, CCt!$lttlC 

«.#s/ 5 7 . 1 5 8 (SS»fi<;K:5a^) 

^ ^ btC:^SOffiflias 1 S 5 . 15 6 ^'i^SfC 

C i-r ft j«93«&OKf^U>tttSl 4 6tt 

i otar;L'&. 

U-C, S^3 2 t€£3fcO h a: 

tia»U7t. »3 4-4 2 ^-XC^^tf 1 4 8 S:, 4 
-:P0-*^ - xftffl^ J* :^S:ffl^»Xta^OX 

IX «0 IB fC««t 9r« O |»$Sfi I: 94a;-r 68 □ 

SD ^ A s ^ it » 0d «c ift f9 -r a <f> r T fic K ^ A /af 

3 4 ^»;KM 3 6 tfir I ^ *^U-C«ff 
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155. 156 T^i^'>J- 


1.5 00-2.500 


2.00 0 


148 




1^00-2,00 0 


1^00 


42 


^ O A 


1^00-2300 


woo 


40 
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1.000 


38 




4JOOO-€1000 


5J0OO 


36 




500-ljOOO 


1.000 


34 




1^00-23 00 


1.500 



«oa rcwi-^-cfflgriofiBt u?t t o t do-is'* 

14 6 lOOC-lSOC-Caftfls l^;tl*'B' 

1 4 6;^cox ^itttfgtaL^n^\^yt<oiri. ^mm 

^JSU, ±8S«««&«SI«4 0^««/ff4 2^» 

3 ■» ^ ^ *^M.-Citt« U, ^* y 4^ i^H >'« 

I 4 a t« 4'^J*^S:fl*L,-C-»^*y^ y> i^^i^ja 
U/t.8«5BE3fCWt, 5aaHBl59» ±mTi>^ 

4 ^ ^ ^ (D—mi^ 1 5 9«r»«3 2rcMU-CfiE-^ 
U;tttJSa t«tB&«IK:^ L.-C»/^'&. 4 -IP CO -r ^ i 

5 0 <^o^^l^>t. AS BGao6 oossc^^ 
nun 1 4 8 :6<JS 4^'X^O&an015 9»^^ 
U-CJttW-s n.A«ica6« 3 2 fC S?tJ u -c ^ iff *C f^I 

sBtt«/jN-sf-f jr* 2 5 « ^ o t u^*«. t 

^M..-C«>J«'*S'ifyv^:*>t#±3BI56lCX 

(tti 4 60»ift^ffiicx£&. jas str^ift ux 
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in. A 3 8 <Ofi£«tffi ( ^fCfliai t^XC^IftSSrCS 

<-cw** tto-c«axaii<^* <-cft4ci3*« 

« iS (4 «C Jb »C S 1^ J& A « :iac 12 fl^ fli ift »C il: ^ -C 

«ai3 0«:TKox »K:aiit-f& c t i^^-c ft 

/as 8. »£H^«/tf4 0. d> X]>'«S/a 4 2^ A 
3 601SS4 2 • , 4 2 b TSi^^^X-^iSiAit 
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X 3 2 h£1S9KAd«»^«4-r ^ , ^JthCittfl/'^ 
* 5^ r , 4/ 9 3 V ♦ 4/ - f y P , Hfb -< y V 

X 5 41t«Wtte>»'>$ttOXV^iOt U, 
/i38;0»f>t-h«^>' ^ Of^ffl 3 2' t 

T)eft^it<26<i^sKd^»cfia-cft '{•x 9»c-r&« a 

1 3 2 onaitt 10 0-5 0 0 1 * ?ttt'tnJ!slJ: 

4>9aT«»«« iffsfii9»i» 1 3 2 ^ L-ca«; L 

<i:^»*<*«3 8<DWrc^U.Afltfil:S«cxo-Ci«fe 

film 1 3 0 »1» l«fls4 2 a>X(/|S2«S 
4 2 b ^: , 2 0<D1S«K:nj£'f2>m 1 ^flE 

61 4 0 ft ^XCfffi2^«0l4 0 b ^'S-tf. &f^S9, 
— :&<Ott«. W;L««ffi 4 2 ft >C5t A U/t«Jti5» 

fii«s^Mi£'r'&i$txia4 0 ft ^i&3au;ttt« 

3 8 ^7K^lj^1lCA!> .ffi2«ffi42b& 
Mife-r'&» 2 »ffH4 0 b ^rfia^AlCttiat^. 

«7 0*Jil«, UT«ff 3iaiUBI 140, 

1 4 2 ^m&L^ ±mi^Kitm i^nm 4 2 & , 
4 2b i«aiB9fcgi«-cft i X -tot* 

rCJ:»«MW^»^0 Xd«^i«:i44. 145 

ti. 0 — 2. 5?^ni^ •* ft tt-tnj&ijioaatoi* 

n^BlT^^. UTift 1 6 0 Mtttjffi-r'& X 9fC2-90 

mffiWfC^ai 6 2 T^f^oisi^ir^-r^tjlWK: 

t^mnm i e e *«:it/t>-»^ ->'<fc4a«» i e 4 
«^tr. ffi 1 3 4ft &-f:/v»t:y8ift-r&M«fi| 

JB 3 6 ft ^^^-"^itn&mm 1 6 4 J:rc£t2-r«. 
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«2«S3 4 b ^-trnicMji-r 3 6 b 

I 6 4 OffiAoB 16 6 »C»fi-^«S« 

3 2_trcE»-r*. nS3 4 * t 3 4 b ttfflSlfC 

A36B^36b%. BiKOX ^K^£»CMM« 

«i7're»'r'&. m«« 3 6 • oa^^ i ? o 

«A3 6 bO0»l 7 2:^, »tSklSimm <Dt» 

£89!*sn«. ^ij^^n 3 8 i^mssiift^m 3 6*. 
3 6b ^n±Kmflt'Si^. < t * 36a 

^ XC/ 3 6 b am^m^ 17 0^1 72 ^OMfiC 
«»0««Mt. 1 6 40A^ 1 7 4 ^JV 

I 6 4 (ommm I 6 Q t 3 z t^Kmsz-stiJi, 

AStl 7 6 (CX CJ-C^M^-iltS^nA. *0;tJt> 
m»il|«l» 1 3 2 Oft^>l« JBttA 1 6 4 iDms 

i74^j:{/A8ei76 iSifi-ricijcxtP-c 

^— s^flSftaa 1 64-h*C5eSll 9 2-Ci5%:r X ^ 

fc:&i^tt j<^-r3' ^ LT, iieayB 1 e 4 ojiw*- x 

CfS«l3 2O»Gii0»l 9 3 J:tC«S«j|^^itt0l 

ma B i8io«s»%ixMift2 0 o(i« msAa 4 
h 2 0 2 u, - ;^fb u-caa 

jS34« * 34bJC;a^OX93k-r^^202B 
«i^X{/2 0 2 b -frOttHSff 3 4 

3 4b 9 Jt y h X jr y-i^^»C;0»»tT» 7 

iaic^-rA«Pd>i 9 4 ft , 1 9 4 b ^&t^-rh c 
i:Kx^.2mifi02O4,2O8 r^r X 5*C« 

&/i 3 4 • , 3 4 b ^Aj^F^dS 16 6 ^^h^-fKHtV 

202ft. 202b ^Bti6-r«. tKlfCU»XS.K 
<^VkT, ai7iaT«ttW3 4 «ittlKU>^^OX d 
rCMXttlSa 3 6ft»'XCf3 6b »W«S 3 4 ft «^ 
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?ttt(C, B^O X 5 rc^*^ — yfb4**<|:» 3 8 * 
^JA-r ^'♦S' 4^ ■ 7 2 t^iftl 60tC 

ga<^^pOj>ja^ filial e oo^i»<^:fiflt^ 
oe^ectt, -ass 4 ft . 3 4 b ©ifj^w^^ /tfi 

if ft86 1 8 4 ft , 1 8 4 b rc^-W-C-tn^ttfTJt 

iR70ofliJsi 6 0 oj?ja%sjft:;92g^m8 A 

8 AHOi5^%fi2fl|ja 1 9 0 5:?^fiZ-r-&rt:40fCtt, 

mmia^$tmm i e 4 3 2 ±Km9i^. t- 
v»-c?5«: 3 * ^ ft « ^^^mm 

:r<&. ]X(C;ff 16 4 %iS^«A:3?t£ x:x^ 

>' a), ft X fli o ^ ^ * fifc * 4 t K «i» aa 

I66«:a-r. K^-f*,y iroj^:;^^^ ^IMffil 

•r&ctKr!}^ 4 5 — 9 0 dta«o«>»;i 

a«Kl 7 6*t^-6« -tOift^h*^ I'J* h -^-x^ 
%B££-r«. IXrClCfiitf 3 4 1:««3 2 ««-XO'^« 

XCf 3 4 b JtKl — Sft«-C3&rtia-*'*3';^ U 

:r-5>, co:5iefcx-fei: s e jbK:?^ 

1 X^ii^it^m 3 8 3 6 ft ^ Xa' 36b 

o-bic*«-r*. jv 3 8 * - ^-ft u-c«ia 

208ft. 208b ^mm-Tii. «(ffi0tXAi36ft. 

3 6b %)SlJ9«OX - >^ift^ C tt^Xt 

i>* Cn 5> 2 - vfb-r mffifift^ 184* , 

1 8 4 b;6l|»m«n^. -t-Oift'* 3/ >^ 
mi 2 «i(k«R UTfia*OX ^(C'^^-i'ftifT* 
^CF«1E3 4ft>XC^34b 0(9 ft fiH(» 184ft. 

1 8 4 b^nm-Tb* jfi^fifca;i;-citt«« 3 6 , 

3 SJ^XCX'^yi^-* — i^ai^/ST 20«' 
Af%»4 Btlga»CHjKUXI£^L/tX 9iC»ai«(^ 

xD, rocicsT-c«>«0'*^ -;^^t^:^f 31 5 c 
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U-CKW U-C3ft3t:d», » 3 8 i: * V 

mei-c ^ h^mmwf mam 89 9.442-9>x(/ 

m4. 5 9 9.7 0 S-^K^Tjk'StvXV^i • 5^<DfflM 

» 4 B|90«3ft0A 3 8 ^ U-CtSffit: $ 
<D» m >C^-t- X ^ 4 3 tl^O/B 3 a » ^ 3 8 e X<» 



3 8 c<Di^iPit^iiimrfnm^'t^d^9^*»i>ti. 

«J:»* 38»i:U-C*38ei: Lt* 3C»*V». 

m 4 B ia<o««{«J4t CO X 5 4 / * y -t^Koiii 

PI 



C#te: A) 

110 Ta^<— 7,0 0 0 

4 2 •* y r^'V 1,0 0 0 

4 0 a - 6 0 

3 8 e T« 3.0 0 0 

3 8b G««sT«5iSb2S2 2.0 0 0 

38 ft G«24T«72Sb2S2 2.0 0 0 

106 ^"^.ySt 100 

1 0 2 3 lOxN, 5.5 0 0 

3 6 ft 100 

3 4 *vryx 1.500 



T* 1> , t yt«6K?(eS««'» 4. 49 9. 557#i 
» 4. 5 9 9. 7 0 5-9ice40tO4atf!<b> « V 

«ox jft/^y^rftttftifti^y ax . ^a^-^* 
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ffl X ^?ne> ffiio w K « a ^ -c -t o « 
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tox i>*««i^^»4»'^i6T«flc-f A to-c* 

2 Ed::*: 56 59 X A 2 tPO « * ^-f 8fli9-«| 

KflSI: U'CV>«ffil , » 3 B«l:«:9699fCX 2'S>G^ 



2 •=>OS&«;6i:t8SlC«A»iC^]tt«n-C\^£0, 

m 4 A . 4 B . 4 c mm&tkm^umKmtii'&ti 

7t S E ^ « E8 ^ -& 16 99 « » ^ « * B ^J- 

9& 99 % A ft o jsu <D « ft 0 « e -r « ^ ^ B isa . 

5 B BUM SAB05B-5 B » »C C t JR -=> 
^l£:fc|lll9ISia,.IB 6 a«l:*:»99fCX A«m«A 

m$fti9«l8^«'-f A2(:9699«ftftfi{r^i-«M0. 

ffis AS^ 8 Bia»i»7Gaoffitto«ijsK:ssc^^ 
■r >t 16 — fRj « jflt u 3t 4fe Si -c * -i- « BB ea -c * . 

3 0 3 2-aifi, 3 4-»Tf9«« 

3 6 , 4 0 -IJt^^fUSE, 3 8 
4 2 - J:»mSA. 

{tC-IA ^43li: ill a ^ in 




0 
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1tB8Ba6 3-1 4 26 90 
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F/a 4B FIG, 6 
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